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ABSTRACT
Background: We conducted and reported the first (1982; 55,388 subjects), and second (1992; 45,674 sub-
jects), epidemiological surveys conducted on bronchial asthma in elementary students across 11 prefectures in
western Japan. The 2 surveys were conducted in the same regions using the same methodology employing a
modified Japanese version of the American Thoracic Society-Division of Lung Diseases (ATS-DLD) Epidemiol-
ogy Questionnaire. We conducted the third survey in 2002, and compared the findings to those of previous
studies.
Methods: In the third survey, 37,036 students attending the same schools as in previous surveys (in 11 pre-
fectures) were given the questionnaire. A total of 35,582 responses (96.1%) were collected. An ATS-DLD Epi-
demiology Questionnaire was also used in this study, and the findings were compared to those of previous
studies.
Results: 1. The prevalence of bronchial asthma (BA) in boys, girls, and all students was 3.8%, 2.5%, and
3.2%, respectively, for the first survey; 5.6%, 3.5%, and 4.6% for the second survey; and 8.1%, 4.9%, and 6.5%
for the third survey.
2. A decline in the BA prevalence in older subjects which could be seen in the first survey was absent in the
second and third surveys. There were no regional differences in the third survey.
3. The boys-to-girls ratio in the first, second, and third surveys was 1.5, 1.6, and 1.6, respectively.
4. BA was more prevalent among subjects with a past history of respiratory disease in infancy and those with
a family history of allergic disease.
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5. The prevalence of asthma symptoms and wheezing in the first, second, and third surveys was 7.1%, 9.8%,
and 11.8%, respectively.
6. A comparison of the prevalence of other allergic diseases between the second and third surveys revealed
a decrease in atopic dermatitis and an increase in allergic rhinitis, allergic conjunctivitis, and cedar pollinosis.
Conclusions: BA prevalence in the third survey increased 2.1 and 1.4 times respectively compared to the first
survey and second survey, indicating an upward trend in all regions and age groups surveyed.
KEY WORDS
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ABBREVIATIONS
ATS-DLD, American Thoracic Society-Division of Lung Diseases; BA, Bronchial asthma; W, Wheezing; AR, Al-
lergic rhinitis; AD, Atopic dermatitis; AC, Allergic conjunctivitis; Pjc, Pollinosis of Japanese cedar; SPM, Sus-
pended particulate matter.
INTRODUCTION
Japan is experiencing an increase in the number of
children with bronchial asthma and other allergic dis-
eases. We conducted the first epidemiological survey
in 1982 in 55,388 students at 70 elementary schools
across 11 prefectures in western Japan using a Japa-
nese modified version of the American Thoracic
Society-Division of Lung Diseases (ATS-DLD) Epide-
miology Questionnaire.1 The survey revealed the fol-
lowing: (1) The prevalence of bronchial asthma (BA)
declined as the school grade progressed, with 3.8%
for boys, 2.5% for girls, and 3.2% overall. The preva-
lence in students in the sixth grade was three-fourths
of that of students in the first grade; (2) BA preva-
lence was 1.5 times more common in urban areas
than in rural areas; (3) No relationship between the
prevalence of asthma and smoking or heating could
be identified; (4) The prevalence of BA in students
having had a family member with a history of major
allergy within the second degree was 2.4 times
higher than in students with no such family history,
and the prevalence of BA in subjects having had a
family history of BA was 3.8 times higher than in
those with no family history of the condition; (5)
Wheezing (W) occurred in 4.2% of boys, 3.6% of girls,
and 3.9% overall, and the prevalence of W in students
in the sixth grade was 50% of those in the first grade;
(6) The rate of BA remission rose as the school grade
went higher, with 1.3% for boys, 0.7% for girls, and
1.0% overall.
The second survey was conducted in 1992 in
45,674 students attending the same schools in the
same regions in the same manner.2 The findings
were as follows: (1) The prevalence of BA was 1.4
times higher than the observation 10 years before,
with 5.6% for boys, 3.5% for girls, and 4.6% overall,
showing a consistent increase in all regions and
grades surveyed; (2) No significant differences in BA
prevalence could be found among grades. The boys-
to-girls ratio was 1.6 : 1, and differences between re-
gions were smaller compared to those identified in
the first survey; (3) Subjects who had experienced a
respiratory disease in early childhood, or had a family
history of allergic diseases, or lived in urban areas
were more likely to suffer from BA, and 13.3% of
those with a family history of BA living in urban areas
had BA; and (4) The W prevalence was 5.2%, which
was 1.3 times higher than the rate 10 years ago,
showing an increase in all regions. The rate showed a
decrease as the school grade progressed.
We conducted the third survey in 2002 in 35,582
students attending the same schools in the same re-
gions using the same method and definition in order
to determine the prevalence of BA, W, and other al-
lergic diseases, including BA remission, and then
compared the results with those of the first and sec-
ond surveys.
METHODS
In the third survey, 37,036 students attending the
same schools as in previous surveys in 11 prefec-
tures, including all prefectures in Kyushu, Yama-
guchi, Hyogo, and Kagawa prefectures, were given
the questionnaire. A total of 35,582 responses (96.1%)
were collected. Table 1 shows the number of subjects
by prefecture and gender.
A modified Japanese version of the ATS-DLD ques-
tionnaire was used in all 3 surveys.3 The definition for
diseases were consistent across all surveys, and
those who met all of the following 6 criteria were re-
garded as having BA Subjects who met the following
criteria (1)−(5) but did not meet criterion (6) were re-
garded as BA remission: (1) have experienced an at-
tack of wheezing andor shortness of breath; (2)
have had 2 or more attacks in the past; (3) have been
told by your doctor that you have BA, asthmatic, or
pediatric asthma; (4) wheezing could be heard during
an attack; (5) experienced shortness of breath and
wheezing during an attack; and (6) have experienced
such an attack (or symptoms) or have received treat-
ment for BA, asthmatic bronchitis, or pediatric
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Table 1 Subjects of three surveys (1982,1992, 2002)
Subjects
No.of 
SchoolsPrefecture TotalFemaleMale
3rd2nd1st3rd2nd1st3rd2nd1st
67178969973232964394482734214575490519Fukuoka
47475973660223922989319823552984340411Saga
680680611002333843987498334224074504013Nagasaki
3843482757241895230128091948252629158Kumamoto
2846473859971423244129101423229730878Kagoshima
2393229433461176116916801217112516664Ooita
1098171018865338639615658479252Miyazaki
2663372452161336183125921327189326246Yamaguchi
17012029248084810111255853101812254Okinawa
81171011503853445734263665772Hyougo
19572639323296312921564994134716683Kagawa
35582456745538817631226222735217951230522803680Total
Age: 6―12 years.
The rate of urban, middle and rural area is 23.4%, 61.0%, 15.7% (1982), 21.6%, 58.1%, 20.3% (1992) and 13.1%, 77.1%, 9.8% (2002), 
respectively.
asthma in the past 2 years.
Those who met the following 3 criteria but did not
meet the criteria for BA and BA remission were re-
garded as having W: (1) occasional wheezing; (2)
wheezing symptoms occurred in conjunction with a
cold; and(3) wheezing experienced twice or more in
the past 2 years.
In the second and third surveys, the prevalences of
other allergic diseases were also investigated in addi-
tion to BA and W. The criteria for those diseases in
the questionnaire were as described below.
Allergic rhinitis (AR): subjects responded posi-
tively to the questions “Have you ever been diag-
nosed with AR or pollinosis-related rhinitis?” and to
either of the questions “Do you still have rhinitis
symptoms (e.g., sneezing, runny or blocked nose)?”
or “Do those symptoms sometimes worsen, particu-
larly from February to April?”
Atopic dermatitis (AD): subjects responded posi-
tively to both questions “Have you ever been given a
diagnosis of eczema or AD?” and “Do you still have
such symptoms?”
Allergic conjunctivitis (AC): subjects responded
positively to the questions “Have you ever been given
a diagnosis of AC or pollinosis-related conjunctivitis?”
and to either of the questions “Do you still have con-
junctivitis symptoms (e.g., itchy eyes, red eyes, ex-
cessive tearing)?” or “Do those symptoms worsen
from February to April?”
Pollinosis of Japanese cedar (Pjc): subjects re-
sponded positively to questions (1) and (2), or to all
questions from (3) to (6). (1) Have you ever been di-
agnosed with pollinosis? (2) Do your symptoms of
pollinosis (e.g., nose, eyes, systemic symptoms)
worsen, particularly from February to April? (3) Have
you ever been diagnosed with AR or pollinosis-
related rhinitis? (4) Do your rhinitis symptoms
worsen from February to April? (5) Have you ever
been diagnosed with AC or pollinosis-related conjunc-
tivitis? (6) Do your conjunctivitis symptoms worsen
from February to April?
Regarding other allergic diseases: subjects re-
sponded positively to any one of the above questions
for BA, W, AR, AD, AC, and Pjc.
Regions were classified into urban, rural, or urban
rural areas according to the following definitions: an
urban area is where the life style is generally urban-
ized and public transportation is substantially devel-
oped; a rural area is where the old life style still re-
mains to some extent and traffic is relatively light;
and an urbanrural area can be categorized as being
between urban and rural areas.
The distribution of students in urban, rural, and ur-
banrural areas are shown below in Table 1. The
third survey revealed that the largest distribution of
students was in the urbanrural area and that the dis-
tribution in rural areas had decreased.
Domestic heating was classified into 2 types, the
Clean type, consisting of no heating, electric stoves,
electric kotatsu, a clean (forced-ventilation) heating
system (kerosene or gas), a stove with a chimney
(kerosene, gas, coke briquette); and the Dirty type,
consisting of a stove without a chimney (kerosene,
gas, etc.), and a charcoal or briquette brazier or ko-
tatsu.
The relationship between the prevalence rates of
asthma in each school and the concentration of NOx
or SPM was examined. The value of NOx and SPM
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was measured by the National Institute for Environ-
mental Studies at 27 air quality monitoring stations
within 2 km from each elementary school.
STATISTICAL ANALYSES
Fisher’s exact test and the Cochran-Armitage trend
test were used to determine inter-category differ-
ences and to evaluate upward or downward trends,
respectively. A simple regression analysis and Pear-
son’s product-moment correlation coefficient were
used to evaluate two paired continuous variates, while
Spearman’s rank-order correlation coefficient was
used for two paired ordinal variates.
Potential factors affecting the incidence of allergic
diseases were classified into host factors or environ-
mental factors. Each of these factors were evaluated
using a logistic regression analysis using the data ob-
tained from the third survey to identify risk factors.
Statistical analyses were performed using the SAS
Procedure (CORR, FREQ, LOGISTIC).
RESULTS
1. PREVALENCE OF BRONCHIAL ASTHMA
The prevalence of BA from the first survey→ second
survey → third survey was 3.8% → 5.6% → 8.1% for
boys, 2.5% → 3.5% → 4.9% for girls, and 3.2% → 4.6%
→ 6.5% overall, indicating a significant increase in all
populations (p < 0.001). The changes in prevalence
which can be observed over time according to grade
and gender are shown in Table 2 and Figure 1. A sig-
nificantly lower rate in prevalence in students in
higher grades could be observed in the first survey
(p < 0.05). However, this could not be identified in
either the second (p = 0.3450) or third (p = 0.6547)
surveys. The prevalence rate increased by 140% in
the second survey in comparison to the first survey,
and by 140% in the third survey in comparison to the
second survey, and by 210% in the third survey in
comparison to the first survey. The rate also in-
creased in all prefectures surveyed. When the rate of
increase over the 20 year period was compared
among prefectures, the highest and lowest increase
rates were 340% and 160%, respectively. The differ-
ence between the highest and the lowest prevalence
rates of each prefecture was within 200% in all sur-
veys.
In the first and second surveys, BA was most
prevalent in urban areas, followed by urbanrural ar-
eas, and then rural areas (p < 0.001), while the third
survey revealed no difference according to type of
area (p = 0.5500) (Table 3).
BA prevalence according to population density in
each survey was as follows: in the first survey, 4.0%
(n = 20,421) for regions of 1,500 peoplekm2, 2.8%
(n = 31,545) for regions of 250−1,500 peoplekm2, and
1.8% (n = 3,422) for regions of <250 peoplekm2 (ten-
dency p < 0.001); in the second survey, 5.2% (n =
14,361), 4.3% (n = 29,200), and 4.0% (n = 2,113) (trend
p < 0.001); and in the third survey, 6.5% (n = 11,994),
6.5% (n = 22,060), and 6.3% (n = 1,528) (trend p =
0.8405), respectively, showing no difference in BA
prevalence according to population density in the
third survey.
An analysis of relationships between the preva-
lence rate and air pollutants (NOx, SO2, and sus-
pended particulate matter (SPM)) disclosed that the
relationship with SPM in the second survey was sig-
nificant. In that survey, higher concentrations of SPM
were associated with a higher prevalence rate of BA
(Y = 0.0632X + 2.4502, r = 0.50).
The proportion of subjects with family members
who smoked indoors in the first, second, and third
surveys was 65.3%, 55.4%, and 53.0%, respectively. No
significant difference between the indoor smoking
group and the nonsmoking group could be seen. The
number of cigarettes smoked was not associated with
BA prevalence (Table 4). While the first survey dem-
onstrated a higher prevalence of BA in the clean-type
heating group (p < 0.01), the dirty-type heating group
had a higher prevalence in the second and third sur-
veys (p < 0.01 and p < 0.05, respectively) (Table 4).
No statistically significant differences in the differ-
ence cooling systems were observed in the preva-
lence rate. When BA prevalence was analyzed accord-
ing to type of feeding in infancy, 4.5% of non-breast-
fed subjects, 4.4% of mixed-fed subjects, and 4.8% of
breast-fed subjects had BA in the second survey, indi-
cating no specific trend (p = 0.1317) . In the third sur-
vey, BA prevalence was 5.8%, 6.4%, and 6.9%, respec-
tively, indicating a significant upward trend from non-
breast feeding to breast feeding (p < 0.001) (Table 4).
The BA prevalence in subjects in the first, second,
and third surveys who had experienced a severe cold
or a major respiratory disease by the age of 2 was
11.6%, 12.2%, and 16.3%, respectively. The prevalence
in those without such experiences in earlier child-
hood was 2.4%, 3.7%, and 4.8%, respectively. A large
difference could be observed across the 3 surveys be-
tween the 2 populations (p < 0.001).
The BA prevalence in subjects with a past history
of asthmatic bronchitis in the first, second, and third
surveys was 34.0%, 34.0%, and 35.8%, respectively,
whereas in those without a history of the disorder,
the prevalence was 0.6%, 0.9%, and 1.4%, respectively,
indicating a higher prevalence in the population pos-
sessing such a history (p < 0.001) . In the first survey,
81.3% of subjects with BA had a history of asthmatic
bronchitis, while in the second and third surveys, the
number was 83.0% and 81.3%, respectively. A history
of asthmatic bronchitis was identified in 3.3% of sub-
jects (controls) without BA, W, or BA remission in
the first survey, 4.5% in the second survey, 6.3% in the
third survey. The prevalence of a history of pneumo-
nia and bronchitis in BA subjects was 9.7%, 9.6%, and
12.7%, respectively, in the first, second, and third sur-
veys (2.1%, 2.2%, and 3.2%, respectively, for the con-
Prevalence of Asthma in Japan
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Fig. 1 Prevalence rate of bronchial asthma.
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Table 3 Prevalence rate of bronchial asthma and wheeze in three areas
(%)
Bronchial asthma ＋ WheezeWheezeBronchial asthma
Area
P-valuea）3rd2nd1stP-valuea）3rd2nd1stP-valuea）3rd2nd1st
＜0.00111.9510.78 8.26 0.00175.425.344.43 ＜0.0016.535.44 3.82 Urban
＜0.00111.96 9.79 6.89 ＜0.001 5.425.313.81 ＜0.0016.554.48 3.08 Middle
＜0.00110.58 8.87 5.99 ＜0.001 4.414.943.43 ＜0.0016.163.93 2.56 Rural
 0.0894＜0.001＜0.0010.07380.2098＜0.0010.5500＜0.001＜0.001P-valueb）
a）: Cochran-Armitage trend test by time.
b）: Cochran-Armitage trend test by area.
trol group), while BA subjects with a history of pneu-
monia andor bronchitis was 43.3%, 46.6%, and 48.6%,
respectively (13.2%, 16.7%, and 20.4%, respectively, for
the control group). The prevalence of a history of
whooping cough in BA subjects was 5.7%, 3.8%, and
2.4%, respectively (3.7%, 2.7%, and 1.4%, respectively,
for the control group).
The prevalence of subjects with family members
within the second degree who had a history of major
allergies in the first, second, and third surveys was
41.6%, 57.6%, and 65.7%, respectively. The BA preva-
lence in the first, second, and third surveys was 4.9%,
6.2%, and 8.4%, respectively, for the major allergy fam-
ily history (+) group, and 1.9%, 2.3%, and 2.9%, respec-
tively, for the major allergy family history (−) group.
The prevalence of subjects with a second degree fam-
ily member who had a history of BA in the first, sec-
ond, and third surveys was 10.7%, 16.3%, and 24.2%,
respectively. The BA prevalence in the first, second,
and third surveys was 9.1%, 11.9%, and 14.2% for BA
family history (+) group, and 2.5%, 3.2%, and 4.1%, re-
spectively, for the BA family history (−) group. When
BA prevalence was compared between groups with
and without a family history of eczema, urticaria, or
AR (+) groups consistently had a significantly higher
prevalence of BA compared with (−) groups (p <
0.001) (Table 5).
Figure 2 illustrates the relationship of the preva-
lence of allergic diseases to family history (father or
mother, or both) of allergic diseases. As shown in the
figure, subjects with BA parent(s) had a significantly
higher risk of developing BA, and this tendency
could also be observed in AR and AD (p < 0.001).
When the frequency of complications was com-
pared with other individual allergic diseases, AR was
the most frequent complication followed by AD, AC,
and Pjc in the second and third surveys. In the sec-
ond and third surveys, 71.7% and 68.2%, of BA sub-
jects, respectively, experienced complications with at
least one allergic disease. In the second and third sur-
veys, 9.8% and 7.7%, of BA subjects, respectively, ex-
perienced complications with all of AR, AD, and AC,
Prevalence of Asthma in Japan
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while 23.9% and 19.1%, respectively, had complica-
tions with both AR and AD (Table 6).
An analysis of the relationship between family his-
tory, region, and gender, revealed that the BA preva-
lence was the highest (15.8% and 16.2%, respectively)
in boys with a family history of BA, and living in ur-
ban areas in the second and third survey, whereas
the lowest BA prevalence (1.5% and 1.8%, respec-
tively) was observed in girls without a family history
of major allergies living in urbanrural areas.
As shown in Figure 3, the age of initial onset of BA
showed a tendency to be lower as surveys proceeded,
as the proportion of BA subjects who experienced the
first onset of BA under the age of 2 was 15.0%, 16.1%,
and 23.1%, respectively, in the first, second, and third
surveys (tendency p < 0.001). Likewise, BA subjects
who experienced their initial onset under the age of 6
was 79.5%, 82.0%, and 84.9%, respectively. Students in
the sixth grade who had an initial onset of BA under
the age of 6 accounted for 33%, 27%, and 27%, respec-
tively.
Analyses revealed that 16.4%, 10.9%, and 7.8%, re-
spectively, of BA subjects in the first, second, third
surveys had not received any treatment, although
they had experienced BA attack(s) within 2 years,
while 6.9%, 9.5%, and 12.4%, respectively, of BA sub-
jects were treated for BA, although they had not ex-
perienced releted symptoms for 2 years.
We used a logistic regression analysis to identify
risk factors for BA in the third survey on subjects
without a past or present history of major allergic dis-
eases (BA, AR, AD, and AC) as controls (Table 7).
Host factors evaluated in the analysis included gen-
der, respiratory diseases under the age of 2, past his-
tory (sinusitis, bronchitis, asthmatic bronchitis, pneu-
monia, pertussis, eczema, otitis media, and tonsilli-
tis), and family history (father or mother, or both)
(BA, eczema, urticaria, and AR). Subjects with all
host factors were included in the data. Environmental
factors included the following: nutrition: breast feed-
ing, mixed feeding, or non-breast feeding; number of
siblings: 1, 2, 3, 4, or 5; paternal or maternal smok-
ing: 0, 1−30, or  31 cigarettesday; heating: clean-
type or dirty-type; use of ventilation: yes, occasionally,
no; number of rooms in the house: 3, 6, or  7
rooms; equipped or not with coolingheating system;
floor status: wooden floor or tatami mat; carpeting:
carpeted or uncarpeted; pets (dogs, cats, birds, ham-
sters): have pets indoors, have pets outdoors, or have
no pets; air pollutants―pollen counts: < 2000, < 3000,
or  3000 cm3; SO2: 1−7 ppb, NOx: < 20, < 30, or
 30 ppb; SPM: < 25, < 30,  30 μgm3, and popula-
tion density: < 500, < 1500, or  1500 peoplekm2.
Subjects who could meet all environmental factors
were included in the data.
When host factors were evaluated to identify risk
factors, the odds ratio (OR) of girls was found to be
extremely low (OR = 0.640) and the OR of a past his-
tory of asthmatic bronchitis was extremely high
(OR = 37.633). The OR of a past history of respiratory
disease (under the age of two) (OR = 1.203), sinusitis
(OR = 1.487), bronchitis (OR = 1.648), or eczema
(OR = 2.542) was significantly higher; whereas the
OR of a past history of otitis media (OR = 0.799) was
lower. A family history (father or mother, or both)
with eczema (OR = 1.595) or AR (OR = 1.457) was as-
sociated with a higher prevalence of BA; a family his-
tory of BA (father or mother, or both) in particular
was associated with a higher OR (OR = 2.085).
Evaluation of environmental factors using logistic
regression analysis identified non-breast feeding
(OR = 1.115) and dirty-type heating (OR = 1.261) as
risk factors for a higher BA prevalence. On the other
hand, factors associated with a low OR included the
number of rooms (OR = 0.876), carpeting (OR =
0.720), and pets such as dogs (OR = 0.818) and ham-
sters (OR = 0.858).
2. PREVALENCE OF WHEEZING
As summarized in Table 2, the prevalence of wheez-
ing (W) according to school grade from the first sur-
vey → second survey → third survey was 4.2% →
5.9% → 5.8% for boys, 3.6% → 4.6% → 4.8% for girls,
and 3.9%→ 5.2%→ 5.3% overall. The W prevalence in
all subjects increased by 130% in the second survey
and by 140% in the third survey compared with the
first survey. The W prevalence was higher in stu-
dents in the lower grades and lower in students in the
higher grades in all three surveys (p < 0.001), and the
W prevalence in students in the sixth grade in the
first, second, and third surveys was 52%, 65%, and
61%, of those in first grade respectively.
Logistic regression analyses of environmental fac-
tors demonstrated that breast feeding (OR = 1.087),
maternal smoking (OR = 1.261), and tatami mat
(OR = 1.118) increased the W prevalence in the third
survey.
The prevalence of broadly defined bronchial
asthma (BA + W) according to school grade from the
first survey → second survey → third survey was
8.0% → 11.5% → 13.9% for boys, 6.1% → 8.1% → 9.7%
for girls, and 7.1% → 9.8% → 11.8 % overall. The W
prevalence was higher in students in the lower
grades and lower in students in the higher grades in
all 3 surveys (p < 0.01), and the W prevalence in stu-
dents in the sixth grade in the first, second, and third
surveys was 63%, 81%, and 81%, of those in the first
grade respectively. The W prevalence increased by
130% each of the second and third surveys compared
with the first survey.
3. PREVALENCE OF OTHER ALLERGIC DIS-
EASES
The second and third surveys also investigated the
prevalence of other allergic diseases. The findings
are summarized as follows (Fig. 4):
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Fig. 2 Relationship of prevalence rate of alergic diseases 
with family (father and/or mother) history of alergic diseases.
＊: crude odds ratio.
Table 6 Complication rate of other alergic diseases in 
bronchial asthmatic children
(%)
3rd2ndComplication
52.853.0Alergic rhinitis (AR)
31.139.7Atopic dermatitis (AD)
24.724.0Alergic conjunctivitis (AC)
12.612.1Polinosis (Pjc)
19.123.9AR＋AD
7.79.8AR＋AD＋AC
68.271.7Any alergic diseases
1) The prevalence rate observed from the second
to third surveys was 16.0% → 20.5% for AR, 17.5% →
13.9% for AD, 6.8% → 9.8% for AC, and 3.7% → 5.8%
for Pjc. In the third survey, AD decreased (p < 0.001),
however, all other allergic diseases showed an in-
crease (p < 0.001) from the second survey (Table 4
and Fig. 4). In the second survey, 31.6% of subjects
were affected by at least one of AR, AD, AC, BA, or
Pjc, while in the third survey, such subjects de-
creased to 34.1% (Fig. 5).
2) Older subjects tended to have AR, AC, andor
Pjc more frequently, with the exception of AD (Fig.
6).
3) The third survey revealed no major differences
in the prevalence of the respective allergic diseases
among urban, urbanrural, or rural areas (Fig. 7).
4) Allergic diseases except AD affected more boys
than girls.
5) Urbanization and air pollution, but not pollen
counts, had an effect on the prevalence of AR, AC,
and Pjc. AD was not affected by these factors.
6) The use of coolingheating system and ventilat-
ing fans were associated with a higher prevalence of
all allergic diseases, while dirty-type heating was as-
sociated with a higher prevalence of allergic diseases
with the exception of AD, and breast-feeding in-
creased the prevalence of AR and AC (Table 4).
7) A past history of bronchitis, asthmatic bronchi-
tis, or eczema was associated with a higher preva-
lence of all allergic diseases.
8) As indicated in Table 5, a family history of any
allergic disease was associated with a higher preva-
lence of all allergic diseases (p < 0.001). In particular,
subjects whose parent(s) had a history of AR were
more frequently affected by AR and Pjc, and those
with parent(s) having a history of eczema developed
AD more frequently.
9) Logistic regression analyses were performed to
Prevalence of Asthma in Japan
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Fig. 3 Age of onset of bronchial asthma in asthmatics.
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adjust the odds ratio for subjects with a present his-
tory of allergic diseases (BA, AR, AD, and AC) and
those without a past or present history of these dis-
eases. Results showed that past histories of sinusitis,
bronchitis, asthmatic bronchitis, or eczema as a host
factor were associated with a significantly higher
odds ratio for all allergic diseases. Particularly high
odds ratios were identified in relation to sinusitis
(OR = 3.209) and asthmatic bronchitis (OR = 4.173)
for AR, asthmatic bronchitis (OR = 3.284) and eczema
(OR = 9.360) for AD, and asthmatic bronchitis (OR =
3.699) and eczema (OR = 3.005) for AC. The odds ra-
tio for a family history (father or mother, or both) of
allergic rhinitis and for eczema was also particularly
high for AR (OR = 2.698) and AC (OR = 2.352), and
for AD (OR = 2.735), respectively. Use of carpeting as
an environmental factor was associated with a lower
odds ratio for all allergic diseases, whereas NOx was
associated with a higher odds ratio for all allergic dis-
eases. Use of carpeting (OR = 0.722), maternal smok-
ing (OR = 0.740), and population density (OR = 0.799)
resulted in a lower odds ratio for AC.
DISCUSSION
Comparative studies between results of different epi-
demiological surveys generally present difficulties be-
cause of the non-identical conditions of the surveys:
study sites, methodologies, and in particular, defini-
tion of BA used in studies on the prevalence of BA in
the same samples. When using different definitions of
the disease, the results showed prevalences ranging
from 5.23% to 17.53%, showing a 3-fold or greater dif-
ference at maximum.4 Surveys conducted in 7 re-
gions in Japan around 1990 using the same ATS-DLD
questionnaire as ours demonstrated the BA preva-
lence to be approximately 5%,2 which was similar to
our results. This fact supports the validity of the ques-
tionnaire.
The 3 epidemiological surveys presented here
were conducted in subjects in the same age range
and study sites using the same methodology, which
was the most important characteristic of this series of
surveys. In the first survey, the BA prevalence in the
sixth graders only decreased to 80% of first graders.
Furthermore, this downward trend was absent in the
second and third surveys, indicating that the
commonly-held opinion in Japan that childhood
asthma would heal by the elementary school age is
no longer true. All 3 surveys revealed that asthmatic
attacks occurred in elementary school students with-
out an upward trend, and this may represent a down-
ward trend in the number of asthma students who no
longer showed symptoms during the elementary
school period. Analysis of the differences in the BA
prevalence rate in different prefectures in western Ja-
pan revealed an 1.8-fold gap (2.26% to 3.97%) in the
first survey, an 1.5-fold gap (3.45% to 5.20%) in the
second survey, and an 1.7-fold gap (4.60% to 8.00%) in
the third survey. The gap which could be observed
between urban and rural areas decreased to a range
of 6.2% to 6.5% in the third survey, showing no signifi-
cant changes in environmental areas. There was also
no difference in BA prevalence according to popula-
tion density, which can be considered as a major
change. The increased onset of BA in children at the
age of 0 and 1 years was obvious in the third survey,
consistent with the fact that many of the current inpa-
tients with asthmatic attacks are infants. The boys-to-
girls ratios in the 3 surveys were similar, 1.5, 1.6, and
1.6, respectively.
At the time of the first survey, the following factors
were considered to contribute to the increase in indi-
viduals with bronchial asthma1: (1) worsening of air
pollution; (2) decreased infant and child mortality; (3)
Nishima S et al.
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Fig. 4 Prevalence rate of alergic diseases in 1982, 1992 and 2002.
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Fig. 5 Prevalence rate of three alergic diseases in second and third survey.
BA, bronchial asthma; AD, atopic dermatitis; AR＋AC＋Pjc, alergic rhinitis＋alergic conjunctivitis＋
polinosis.
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changes in infection; (4) changes in eating habits; (5)
changes in housing structure; (6) changes in psycho-
logical environments; and (7) increased individuals
predisposed to allergy. In general, it can be said that
most of these factors still remain as contributors to
the increase in BA victims.
Major culprits regarding the problem of (1) above
are NOx and SPM, both of which show no tendency
to decrease. Among the elementary schools studied
in the 3 surveys, 38, 37, and 38 schools had an ambi-
ent air measurement station within 2 kilometers for
SO2, NOx, and SPM, respectively. A significant corre-
lation was identified only between the concentration
of SPM and the prevalence of BA in the second sur-
vey (p < 0.05, r = 0.50). Although, one Japanese report
states that NO2-rich areas tend to have more children
with asthmatic symptoms and areas with NO2 >30
ppb are more likely to be associated with initial on-
sets of BA,5 our research found no statistical signifi-
cance in relation to the difference in NO2 concentra-
tions. A relationship between car exhaust emissions
and Pjc has been reported,6 although the relationship
Nishima S et al.
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Fig. 6 Prevalence rate of alergic diseases in school grade in 1992 and 2002.
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Fig. 7 Prevalence of alergic diseases among urban, middle, or rural areas in 1992 and 
2002.
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with BA remains unclear. The numbers of automo-
biles in Japan have been increasing at an accelerating
rate. Based on the comparison of nationwide automo-
bile driving distance figures in 1982 (403 × 109 kilo-
meters), 1992 (678 × 109 kilometers), and 2002 (791 ×
109 kilometers), the number of automobiles in 1992
was 1.7 times greater than that in 1982, and the num-
ber in 2002 was 1.2 times greater than that in 1992,
and 2.0 times greater than that in 1982. An across-the-
board increase in BA prevalence observed in all
grades and regions in our surveys may suggest that
we should focus more on auto emissions as an impor-
tant air pollutant from a nationwide or even global
perspective.
Concerning factors (2) and (3), a sharp decline in
infections has chiefly resulted from decreased infant
and child mortality due to the use of antibiotics, im-
proved nutrition, improved hygienic environments,
Prevalence of Asthma in Japan
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and proliferation of healthcare knowledge. Since chil-
dren with asthma are prone to airway infections, a de-
crease in mortality-related respiratory infections may
have allowed clearer identification of airway allergies,
revealing allergies that have previously been masked.
In all 3 surveys, BA was prevalent 3- to 4-fold in sub-
jects who answered “yes” to the question of “Have
you ever experienced a severe cold or a major respi-
ratory disease by the age of 2?” compared with the
control subjects (Table 4). Considering that the age
is under 2 and that the questions in the ATS-DLD
questionnaire are very vague, the possibility cannot
be denied that subjects who responded “yes” to the
question regarding airway symptoms, may have had
an asthmatic attack. Pneumonia-related mortality in
early childhood (0−4 years, per 100,000 children) in
1980, 1990, and 2000 was 9.7, 4.0, and 2.8, respec-
tively, showing a considerable reduction. However,
the above considerations do not sufficiently explain
the reason for the 2.1-fold rise in the BA prevalence
in the past 20 years.
From the perspective of the controversial hygiene
hypothesis,7 subjects with more siblings tended to
have odds ratio of less than 1 for all diseases in our
surveys, and although its significance was identified
for allergic rhinitis and conjunctivitis, it could not be
identified for BA. The analysis of the relationship be-
tween indoor pets and the prevalence of allergic dis-
eases revealed a significantly low probability for
dogs, cats, and hamsters for BA, dogs and cats for
AR, dogs for AD, cats and hamsters for AC, and cats
and birds for Pjc. Although, these may be the results
of improved environmental management, a reexami-
nation from the viewpoint of hygiene hypothesis is
needed.
One of the notable changes in dietary habits in chil-
dren is a greater consumption of milk and eggs in
early childhood, which may worsen allergies. A vari-
ety of food additives consumed should also be consid-
ered. When different feedings in infancy were com-
pared, the BA prevalence increased in the order of
non-breast feeding, mixed-feeding, and breast-
feeding in the third survey. There is a highly reliable
report showing no correlation between prenatal food
consumption and postnatal IgE levels and the inci-
dence of atopic diseases.8 However, another report
has demonstrated a wide gap in the prevalence of
asthma according to different dietary habits in the
same region.9 There is a report indicating that ap-
proximately half of children under 2 years of age with
a food allergy and AD develop asthma,10 and another
report states that the number of infants who started
consuming eggs before 4 months of age increased
from 26.6% to 66.7%, between 1975 and 1985, and soy-
beans and fish increased from 20.0% to 43.3% and 1.7%
to 20.0%, respectively, in the same period.11 With
these findings, changes in dietary habits may be an
important factor, however our 3 surveys produced no
findings relevant to this issue, except for a signifi-
cantly lower probability of prevalence in breast feed-
ing for BA, AR, AD, and AC each in the third survey.
Regarding issue (5), a 2.7-fold increase in the aver-
age yearly income per capita in 20 years, with 1.11
million yen in 1975, 2.15 million yen in 1985, and 3.02
million yen in 1995, suggests that houses have be-
come more air tight and better insulated in Japan. In-
come growth has; however, slowed since 1990 (2.84
million yen) as the growth rate from 1990 to 2000 (3
million yen) was only 6%. Increased air-tightness of
houses is due mainly to wider use of aluminum-sash
windows and air conditioning, which can cause prob-
lems, such as higher levels of indoor nitrogen oxides
and adverse effects from indoor smoking. An analysis
of BA prevalence according to the different types of
heating systems revealed that BA prevalence was
higher in the clean-type heating group in the first sur-
vey, whereas the dirty-type heating group had a
higher prevalence in the second and third surveys.
There was no difference in the BA prevalence be-
tween users and non-users of coolingheating sys-
tems. Indoor smoking may have a greater impact on
children when the house is air-tight. The results of
the third survey showed that maternal smoking
raised BA prevalence. Along with the proliferation of
air-tight houses, more carpets have been used, space
under the floor and the traditional custom of year-end
general housecleaning have disappeared, and insecti-
cides have been used less frequently, all of which col-
lectively lead to an increase in indoor house dust
mites. It is said that 400−2,000 mites are present in
1 g of house dust, and mites and mite-derived sub-
stances account for over 8% of the gross weight of
house dust. According to the report by Furusho, the
mean number of mites per carpeted room was
14,000−18,000 during July-October, a peak season for
mites, and 2,000−3,000 even in the lowest season of
January-April; and the number of mites present in a
blanket ranged from approximately 33 to 14,000
(mean number: 2,300) and that in a futon was approxi-
mately 210,000.12 Increases in these highly antigenic
mites and mite-derived substances can be considered
to have a greater effect on the sensitization of chil-
dren today, who tend to spend more time indoors.
Over 90% of students with BA, tested positive for an
intradermal reaction to house dust, and our general
field study revealed that 91% of BA students were
classified as 4 based on the RAST score for Dermato-
phagoides pteronyssinus specific IgE.13 A study by
Carpin et al., one of the major studies conducted out-
side Japan, demonstrated a clear difference in the
rate of positive skin tests for mites between dry-
winter mite-poor regions and other regions (10% and
45%, respectively).14 In Papua New Guinea, the intro-
duction of blankets was reported to result in a rise in
the prevalence of adult BA from 0.1% to 7.3%.15 The
study also identified a difference in mite counts in
Nishima S et al.
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Table 8 ISAAC Study Phase I and II in Fukuoka, Japan27
Prevalence (%)
Phase II (2002)Phase I (1995)
13―14 y.o6―7 y.o13―14 y.o6―7 y.o
13 
 (1.5)
17.9
 (1.7)
13.4
 (2.1)
17.3
(1.8)
Asthma symptom
(severe asthma)
45.7
(20.5)
32.8
(10.6)
41.0
(10.6)
25.6
(7.9)
Alergic rhinitis
(with alergic conjunctivitis)
14.420.013.521.3Atopic eczema
blankets (1371 and 283 mitesg, respectively) as the
only difference found between regions with a high
prevalence of BA and similar regions with BA preva-
lence of as low as 0.3%. A study of the relationship be-
tween exposure to mites in infancy and the incidence
of an allergy and the severity of sensitization to mites
after 11 years revealed that longer exposure to mites
was associated with a higher incidence of the allergy
as well as severer sensitization to mites.16 In contrast,
our data demonstrated that using carpeting and hav-
ing indoor pets associated with a lower prevalence of
BA. Whether this is a result of successful education
by medical staff of families with a BA patient regard-
ing elimination of allergens or whether this suggests
the correctness of the hygiene hypothesis remains
unknown and requires further investigation.
Deterioration of psychological environments for
children, a problem related to (6) above, may also be
an important factor. Nowadays, the situation is wors-
ening markedly. According to a 1995 survey on juve-
nile misdemeanors, the numbers of arrested motor-
cycle gang members, substance abusers, status of-
fenders, girls with inappropriate sexual standards for
juveniles, and runaway children, as well as the num-
ber of incidents of school violence or bullying in pub-
lic elementary and middle schools were high. Com-
pared to data from 10 and 20 years ago, the rate of ab-
senteeism in elementary and middle schools in-
creased 2.9- and 7.5-fold, respectively. Daily activities
of modern elementary school students are character-
ized by a tight after-school schedule with studies after
school hours, leisure activities, keeping late hours,
less help with housework, and spending more time
playing TV games and using the Internet.17 Psycho-
logical factors are more or less involved in diseases.
The role of such factors sometimes become greater
as the disease progresses into a chronic condition.18
The mother-child relationship has an important effect
on the psychological environment of children, and a
survey conducted in 1980 already identified a major
trend that more mothers were less enthusiastic about
child raising.19 However, qualification and quantifica-
tion of these psychological factors are difficult and
whether they are closely associated with a 2.1-fold
rise in the prevalence of BA in the last 20 years has
yet to be clarified.
Analysis of predisposing factors for allergies dis-
closed that 31.8% of asthma patients had a relative
with asthma within the second degree (except grand-
parents with asthma) and 61.8% had a family history
of major allergies in the second survey. In the non-
asthmatic group, the rates were 9.5% and 38.2%, re-
spectively. In the third survey, the rates increased
unanimously: 52.7% and 84.8% for the asthmatic group
and 22.2% and 64.6% for the non-asthmatic group.
These findings supported the increase in individuals
predisposed to allergy.
Allergic diseases have recently been proliferating
worldwide. Further insight into allergic pathologies
and development of treatments has facilitated pro-
gress in treatment and management. However, evi-
dence has yet to be seen for prevention of these dis-
eases, improved cure rates, and decreased preva-
lence of the diseases. Identification of allergic factors
has been the purpose for global epidemiological stud-
ies, but common definite factors have not been con-
firmed in Phase I, II, or III studies.
In the International Study of Asthma and Allergies
in Childhood (ISSAC), asthma symptoms slightly in-
creased on average in ISSAC Phase II (2002) over
Phase I (1995) and regions with a low prevalence of
those symptoms in Phase I had a higher prevalence
in Phase II. In addition, English-speaking regions
with a high prevalence in Phase I saw a decline in
prevalence in the subsequent phase.20-26 Fukuoka
City in Japan participated in ISSAC, and the findings
of the studies in this city showed that the prevalence
of asthma symptoms in Phase I and III was 17.3% →
17.9% for the 6−7 year age group and 13.4% → 13.0%
for the 13−14 year age group (Table 8).27 The preva-
lence of asthma and atopic eczema therefore showed
signs of decline or leveling off.
In Japan, as can be seen from the results of the 3
surveys, the prevalence of individual allergic diseases
varies according to age, sex, and study period.
Conducting longitudinal epidemiological surveys
on BA and related disorders in the same regions, and
using the same methodology enables medical and ad-
ministrative entities to examine new findings, estab-
lish the purposes for subsequent studies, and devise
more accurate and appropriate administrative coun-
termeasures. The most important challenge to the
Prevalence of Asthma in Japan
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present project is to continue the epidemiological
study periodically and systematically. We are plan-
ning to conduct a fourth survey in 2012.
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